Autumn versus spring planting: the initiation of root growth and subsequent field performance of Scots pine and Norway spruce seedlings Luoranen J. (2018 
Introduction
Conventionally, conifer seedlings are planted in spring from May through early June. This short period is busy, both in the nurseries and forests. In addition, the number of forest laborers is decreasing. The mechanization of planting work is one solution to the above mentioned problems (Nilsson et al. 2010) . For example, Norway spruce (Picea abies (L.) Karst.) seedlings are suggested to plant from May to the end of September (Luoranen et al. 2005 (Luoranen et al. , 2006 and Scots pine (Pinus sylvestris L.) seedlings in May and late August -early September in Finland (Luoranen and Rikala 2013) . On the other hand, in western Canada, the planting season is recommended to end in the middle of August (Grossnickle and Folk 2003; Tan 2007) . For the purpose of machine planting, these periods are too short. To be cost-efficient, the work period of a machine should be a whole period with unfrozen soil.
There are several studies in which planting dates in container conifer seedlings has been studied (Valtanen et al. 1986; Kinnunen 1989; Luoranen et al. 2006) . In these studies, however, the planting season ended in mid-September. In the studies of Luoranen and Rikala (2013) with Scots pine and Wallertz et al. (2016) with Norway spruce, the planting season was extended in October and November. Despite these studies, we do not know all the after-effects of late autumn plantings.
Several studies have shown that new root growth is important for seedling survival (Grossnickle 2005 and reference therein). Seedlings should be planted at that point in their cycle when they have the ability to grow roots to ensure the best chance of field performance (Grossnickle 2005 and reference therein) . From earlier studies, we know that root growth in many tree species grown in the areas with low winter temperatures cease in late autumn (Lyr and Hoffmann 1967) . For example, the results of Wallertz et al. (2016) showed that root growth ceased in Norway spruce seedlings when they were planted in October in the southern part of Sweden and Norway. The study of Wallertz et al. (2016) was undertaken in a more southern zone with warmer autumns and milder winters, compared to climatic conditions in Finland. Root growth probably ceases earlier in northern conditions and affects the field performance of conifer seedlings more. Before a recommendation to plant in late-autumn, we have to know better how much poor rooting in late autumn affects the field performance of seedlings.
The planting date has been observed to have some after-effects in the following year. For example, the earlier flush of summer planted seedlings in the following spring (Luoranen and Rikala 2015) , the reduced growth of autumn planted seedlings (Luoranen and Rikala 2013; Wallerz et al. 2016 ) and the reduced ability to recover from damage (Wallerz et al. 2016) . It is not known the reason for these after-effects. Luoranen et al. (2006) speculated that well-rooted, summerplanted seedlings may commence root growth earlier than newly planted seedlings in spring, which can then affect the later growth of seedlings. October-planted seedlings do not grow roots after planting (Wallertz et al. 2016) , and are probably comparable to spring-plantings. Unrooted seedlings are also more susceptible to stresses (Grossnickle 2005) . These factors may then affect the root growth of autumn-planted seedlings in the following spring. Unrooted seedlings may also have an increased risk of spring drought. All these factors can affect subsequent shoot growth of the seedlings.
The aim of the study was to investigate the field performance of late summer-and autumnplantings in Norway spruce and Scots pine seedlings, in comparison to spring planting. Trials were established, both in a former nursery field and in a regeneration site with higher risks of damage. My hypothesis were that i) root growth after planting is minimal in both tree species at the end of September and in October, and ii) well-rooted, i.e. late-summer-planted seedlings, start their shoot and root growth earlier in the following spring than late-autumn planted seedlings. The hypothesis was also that poor rooting iii) increases the seedlings risks of damage in winter and spring, as well as reducing the seedlings' ability to recover from damage, and iv) reduces seedling growth over the following years, and that v) these post-planting effects are stronger in Scots pine seedlings than in Norway spruce.
Material and methods

Seedling material
Two-year-old Norway spruce (a mean height of 22 ± 3 cm) and one-year-old Scots pine (15 ± 2 cm) seedlings were used. Seedlings were grown in hard plastic Plantek (BCC, Iso-Vimma, Finland) 81F trays (81 cells per tray, 546 cells m -2 , cell volume 85 cm 3 ) at Suonenjoki Research Nursery of Natural Resources Institute Finland (62°39´N, 27°03´E, with an of altitude 142 m a.s.l.). Seeds of Norway spruce from seed orchard no. 374 (supplying Central Finland) were sown on the 15th of June in 2013. Norway spruce seedlings were grown in a greenhouse until October 2013. Then they were transferred to an outdoor area where they were during the winter and the following growing season. In mid-winter, seedlings were under snow cover. In the second growing season, the Norway spruce seedlings were given a commercial fertilizer solution (0.1% Kekkilä Forest Superex with 22N:5P:6K + micronutrients, Kekkilä Co., Tuusula, Finland) 16 times from 19th May to 29th August 2014 and they received a total of 102.5 g m -2 fertilizer solution.
Seeds of Scots pine from seed orchard no. 339 (supplying Central Finland) were sown on 6th of June 2014. The Scots pine seedlings were in a greenhouse until 11th of July 2014. Then they were transferred to the same outdoor growing area in which the Norway spruce seedlings were. Scots pine seedlings were fertilized eight times from 4th June to 14th August 2014 and they received a total of 47.0 g m -2 of 0.1% Kekkilä Forest Superex. Tilt (propiconatsol 250 g L -1 ) was applied to all Scots pine seedlings for protection against pathogens on the 11th and 30th of July 2014, and to the spring planted seedlings on the 18th of November 2014.
In both species, seedlings were irrigated 2-4 times per week, depending on the weather conditions. For all seedlings in each species, three-week short day (SD) treatment (14-hour nights and 10-hour days) was started on the 21st of July 2014 with the use of a blackout curtain in the outdoor growing compound. Fertilization was also continued during SD-treatment. A day before planting, the moisture of peat plugs was checked and, if necessary, watered. For planting, seedlings were taken directly from the growing compound just before planting (planted within hours) without any package in 2014. Seedlings intended for spring-planting were packed in cardboard boxes at the end of October and kept in a freezer storage (-3 °C) until the end of April 2015. After that, seedlings were taken from the boxes and kept with watering in the outdoor growing area until planting. All seedlings were treated with KarateZeon Technique (lambda-cyhalotrin 100 g L -1 ) against pine weevil on 15th of August 2014 and on 21st of April 2015 (spring-planted seedlings).
Planting trials
One planting trial was established at a former nursery field in Suonenjoki research nursery to follow intensively the phenology and growth of seedlings. The soil at the former nursery field was fine sand containing only few organic matter and its nutrient level was low. The nursery field was not fully equivalent to a real situation in the mounded regeneration sites, and seedlings were also planted in a reforestation site about 20 km from Suonenjoki. In order to get the nursery field closer to the real regeneration site conditions in the forest, it was prepared and fertilized with Varhaisviljelyn Y 2 (600 kg ha -1 ; N-P-K 12-4-13.3, B 0.15%; YaraSuomi Oy, Finland) before establishment. To reduce the competition of grasses and seed sown birches, field vegetation was cut with a lawnmower in the summer 2015.
The regeneration site (hereafter referred to as the forest site) was clear cut in July 2014 and spot mounded with an excavator in early August 2014. In the spot mounds, the mineral soil layer was on the top of a double humus layer. The soil was classified as a medium coarse soil with disintegrated stones and rocks. Pine and spruce seedlings were planted in separate trials. The trial with spruce was established to the lower part of hillside, and the other one with pine to the upper part with more coarse soil. Fireweed (Chamerion angustifolium (L.) Scop) and raspberry (Rubus idaeus L.) were the main ground vegetation species in regeneration sites.
For all trials, seedlings were planted on the same dates, on the 19th of August, 1st, 15th and the 29th of September, 13th of October 2014 and on 19th of May 2015. In the nursery field, seedlings of both species were planted in rows with 1 m between seedlings in a row and between rows. At each planting date (D) and tree species (S), 45 seedlings in nine blocks (five seedlings in each block) using a split-plot design (planting date as a main plot and tree species as a subplot) were planted. For root growth measurements, three additional seedlings of both species were planted between seedlings in each plot on each planting date and block in the nursery field.
Tree species differ in their optimal growing conditions: pine seedlings normally grow on coarser soil types than spruce. Thus, the tree species were in separate trials in the forest site. For pine, there were 43 groups (blocks) of mounds, each group containing six mounds that were selected to be as similar as possible, nearby each other. Planting dates were randomized to these six mounds within a block. For spruce, the experimental design was similar, but with 45 groups of mounds. In all trials, seedlings were planted to a depth of 6 cm (the length of the stem under the soil surface). In the forest, seedlings were planted to the middle of mounds and at least 10 cm from nearest humus edge.
The quality of the mounds was determined at the forest site to assure that similar kinds of mounds within blocks for different planting dates were selected. The surface material of the mounds was classified as mineral, mineral-humus, and humus, and the soil texture of mound surface material was a normal mineral soil, with a mixture of mineral and gravel (mostly mineral) and gravel components. Most (86%, varying from 56% to 93% among planting dates) of the Norway spruce seedlings were planted in mounds covered by mineral soil and 14% (7-24%) were covered by a mixture of mineral soil and humus. Mineral soil on mounds contained gravel in 2% (0-9%) of cases. Mineral soil was a fine sandy soil in 58% (42-89%) with a mixture of fine sand and gravel in 40% (11-58%) of the mounds. Although we tried to select similar mounds and randomized to the different planting dates, more mounds with a mixture of gravel and fine sandy soil were in August-and May-plantings.
In the Scots pine, 86% (70-98%) of mounds were covered by mineral soil and 13% (2-30%) were a mixture of humus and mineral soil. The proportion of mounds with humus cover was only 1% (0-2%). The soil on mounds was gravel in 8% (0-40%) of cases, with the highest proportion in the May planting. Pure sandy soil covering mounds was on average 26% (12-37%) of the mounds and most (66%; 23-84%) of the mounds were a mixture of sandy soil and gravel.
Seedling measurements
At planting and at the end of each growing season, the seedling height was measured from the ground surface to the top of the terminal buds (accuracy 0.5 cm) and the diameter (accuracy 0.1 mm) was measured at about 2 cm above the ground or mound surface. The leader growth (height growth in a measuring year) was measured, as well as the cause (drought, frost, pine weevil, black spruce beetle, vole, frost heaving, field vegetation, etc.) and degree of damage (healthy, weakened, dead) was visually assessed at the end of each growing season for two years after planting. If a seedling had two or more leaders, or the leader growth was disturbed in some way, it was scored as having multiple leaders. In the first spring after planting (2015), just the cause and degree of damage (using the same classifications as above) and especially the existence of frost heaving (whether the peat plug had risen above the soil surface or not) was assessed.
One randomly selected seedling (from additional seedlings) per planting date, block and tree species, a total of 9 seedlings per date and species, was dug up from the trial in the nursery field three weeks after planting, and three times (on the 6th of May, on 20th of May and on 7th of October 2015) during the first growing season after planting. On the 6th and 20th of May, only seedlings planted during the previous autumn were sampled. Before digging, the shoot height, length of the leader growth, and diameter 2 cm above the ground surface were measured and the degree of damage was recorded. From the sampled seedlings, the roots grown out from the peat plug (longer than 5 mm) were counted each time and in autumn the total length of these roots was also measured (accuracy 1 mm). The dry mass of stem and needles was determined from the same seedlings from which roots were counted in autumn 2015. The shoot was divided as stem and needles, dried at 60 °C for 48 h, and dry masses were weighed (accuracy 0.01 g).
The start of the vegetative growth in both species was determined as described by Hän-ninen (2016) with few modifications. From the 22th of April 2015, bud burst in Norway spruce seedlings and the length of the new leader shoot in Scots pine seedlings (measurement was started from the same point at the base of bud each time; accuracy of 1 mm) were assessed in the nursery field. Two seedlings for each planting date and block, being a total of 18 seedlings in each species, were measured three times a week. In the spruce, buds were scored as flush when individual needle tips were visible. Bud burst was determined to occur on the date when 50% of observed seedlings had flush terminal buds on a planting date and block (the median day of bud burst). In Scots pine, the beginning date of shoot growth was determined to start when the height of a new shoot was at least 10 mm (median day of the beginning of height growth). For statistical analysis, the date was changed to the day of the year (DOY), but results are presented as a calendar date.
Weather conditions
At the weather station in Suonenjoki Research Unit of Luke, the monthly mean temperatures were 15.9, 10.3, 2.3, -0.4 and -3.9 °C for the months of August through December 2014, and -6.9, -2.2, -0.1, 3.2, 8.6, 12.4, 14.4, 16 .0, 11.2 and 3.8 °C for the months of January through October 2015, respectively. The respective monthly precipitations were 101, 44, 53 and 31 mm for the months of August through November 2014, and 38, 71, 68, 90, 48, 63 and 26 mm for April through October 2015. Compared to a 15-year monthly average of temperatures and precipitations, autumn 2014 was consistent with the long-term average, except for August, which had an above average rainfall (long term 71 mm). In 2015, the temperatures were close to the average, but in May (long-term average 54 mm) and September (55 mm), the precipitation records were greater than average, while August and October (52 mm) were drier than the long-term average.
The first autumn frosts occurred on the 31st of August 2014, where the minimum temperatures at the soil surface were -0.2 °C. Snow cover was observed for the first time on 11th of December 2014 (5 cm) and it had melted by 11th of April 2015. The winter minimum temperatures (-23 °C) were measured on the 6th of January 2015, and on that day the depth of snow cover was 25 cm. In spring 2015, the last frosty night was on the 25th of May, where temperatures dropped to -1.9 °C on the soil surface.
The soil temperature at the forest site was measured by using two Hobo loggers (TMC20-HD). There were problems with the loggers, but at least one of them worked from 14th of August 2014 to November 2015. Temperatures were measured at depths of 6 and 12 cm (Fig. 1) . In the spring and summer, the soil temperatures at the depth of 6 cm (the upper surface of a peat plug when seedlings were planted at the depth of 6 cm) were higher than temperatures at the depth of 12 cm, but they were lower in the autumn. The daily variation in temperatures was greater near the soil surface than in deeper in the soil profile throughout the season.
Data Analysis
The differences in shoot height, stem diameter, root growth, dry masses, the DOY when buds burst (or shoot growth started), probabilities for multiple leaders, and mortality, among planting dates within a trial were analyzed in IPM SPSS Statistics Version 22. Although the tree species were planted to the same field trial in a split-plot design in the nursery field, the tree species were analyzed separately. A repeated linear mixed model (MIXED) was applied to data for total shoot heights and diameters at the end of each year (the time since planting was repeated) and a linear mixed model for the root growth (each sampling time was analyzed separately), dry masses and the dates when buds burst or shoot growth started. A normal distribution was used in the MIXED model.
Probabilities for unburst buds, multiple leaders and mortality were analyzed with a generalized linear mixed model (GENLINMIXED). In the analyses, planting date (D) was considered as a fixed effect, while block was considered as the random effect. I employed a binomial distribution with a logit-link function in the GENLINMIXED models. Multiple comparisons were based on Least Significant Difference. Differences with a p-value <0.05 were considered to be significant.
Normal distribution was tested with the Kolmokorov-Smirnov test and the homogeneity of variances with Levine's test. Log-transformation was used to homogenize variances in the number of roots in pine seedlings in 2015. For the first sampling (three weeks after planting), data was analyzed without transformation, although variances were heterogeneous (the transformation did not help due to zero values in the two last planting dates in autumn). 
Results
Nursery field trial
Root growth and morphology
During a three week period after planting, the growth of the new roots slowed down when Norway spruce and Scots pine seedlings were planted in the middle of September and ceased later in the autumn (p < 0.001 for both species; Fig. 2) . In both species, only small differences in rooting immediately after planting between plantings in August, early September or the following May were observed.
In the following spring after autumn-plantings, on 6th of May 2015, no buds in Norway spruce had burst and the lengthening of new shoots had not started in Scots pine. On that day, the number of new root tips in Norway spruce was greater in the August-planted seedlings than in other autumn-planting dates (p = 0.003, Fig. 3b ). In Norway spruce, the total number of roots grown out from peat plugs was on average 35, 20, 9, 11 and 8 from first to last planting date, respectively, and the two first dates differed statistically from the other dates (p < 0.001). On the same day, the number of new root tips in Scots pine seedlings did not differ among planting dates (p = 0.059), although the trend was that October-planted seedlings had the fewest number of new white root tips (Fig. 3a) . The trend in the total number of roots grown out from peat plugs corresponded to the spruce and was on average 35, 27, 17, 9 and 10 from the first to last planting date, respectively, and the two first dates differed statistically from the other dates (p < 0.001).
On the 20th of May 2015, at the time of spring planting, root growth was assessed again. On that day, no buds in spruce seedlings had burst, but 15% of seedlings had swollen buds. In pine, new shoots started to grow. No statistically significant differences in the number of new roots among planting dates were found for either species (p = 0.414 for spruce and p = 0.216 for pine; Fig. 3c,d ). The total number of roots grown out from a peat plug was higher in the two first planting dates in the autumn than in later autumn planted seedlings in both species (p < 0.001 for both species: data not shown) Fig. 2 . Root growth of a) Scots pine and b) Norway spruce seedlings immediately after planting. Root growth was assessed as the number of roots grown out from a peat plug during a three-week period after planting in the nursery field. Vertical bars indicate standard errors of means (N = 9). Letters above bars indicate statistically significant (p < 0.05) differences among the planting dates.
At the end of the first growing season, no differences in the number and dry mass of roots grown out of a peat plug (new roots) or dry mass of roots inside a peat plug (old roots) or the dry mass of needles or stems among planting dates were found for either tree species (p-values for D 0.171-0.943; Fig. 4) . 
Bud burst and shoot growth
Scots pine flushed earlier in May than Norway spruce. The average day when buds of Norway spruce seedlings burst in different planting dates varied from the 27th to the 31st of May 2015, without statistically significant differences among planting dates (p = 0.104). The spring-planted seedlings flushed the latest. In pine, the planting date affected the beginning of flush (p = 0.009). For seedlings planted during the previous autumn, the beginning date varied from the 13th to the 17th of May 2015 without statistically significant differences among planting dates. However, springplanted pine seedlings flushed significantly later, on the 21st of May, compared to autumn plantings.
In pine, the height of the seedlings was the same in all planting dates (Table 1 , Fig. 5a ). At the end of second growing season, spring-planted pine seedlings were 2.5-4.5 cm shorter than seedlings planted on the 19th of August or the 1st of September. October-planted pine seedlings were thinner than seedlings on other planting dates (Table 1, Fig 5c) . After the first year, springplanted pine seedlings were still thinner than seedlings in other planting dates. At the end of the second season, the thickest seedlings were on the two first planting dates (19th of August and 1st of September).
In spruce, no statistically significant differences in height development among planting dates were found in the nursery field (Table 1 , Fig. 5b ). At planting, spring-planted seedlings were thinner than seedlings planted in August and the beginning of September and they also grew less than all the autumn planted seedlings during the first year (Fig. 5d ). In the second year, no statistically significant differences in diameter were found among planting dates.
In autumn 2016, 0 -7% of seedlings had multiple leaders without statistically significant differences among the planting dates (p = 0.916 for pine and p = 0.999 for spruce). All spruce seedlings survived, and only two spring-planted pine seedlings were dead at the end of the second season. 
Trials in forest
The mortality of seedlings was low. No spruce seedlings died and 3% (varying between 0 and 7%) of pine seedlings died without a statistically significant difference among the planting dates (p = 0.947). No frost heaved seedlings were observed during the first spring. At this site, the planting date affected the development of the shoot height and stem diameter of both Scots pine and Norway spruce seedlings (see Y × D in Table 2 ). In pine, differences were small at planting, but spruce seedlings planted in October and May were the tallest and thickest (Fig. 6) . Up to the end of the second season, no big differences in shoot height among autumnplanting dates were found in pine, but the May-planted seedlings were 5-10 cm shorter than seedlings planted in August and at the end of September. In Norway spruce, seedlings planted on 29th of September and in May were 4-8 cm shorter than seedlings planted on August and earlier in September (Fig. 6b) . May-planted spruce seedlings were also thinner than seedlings in other planting dates at the end of the second season (Fig. 6d) .
13% and 31% of pine seedlings had multiple leaders in the inventories in autumn 2015 and 2016, respectively, although no significant differences among planting dates were found (p = 0.074 in 2015; p = 0.856 in 2016). 6% and 8% of spruce seedlings had multiple leaders, in autumn 2015 and 2016, respectively. However there were no significant differences among the planting dates (p = 0.525 in 2015 and p = 0.656 in 2016). No clear reasons for multiple leaders were observed in the inventory. 
Discussion
Root growth is important to the good field performance of seedlings. In this study, the most important result was the observation that the root growth in the previous autumn affected the initiation of the root growth in the following spring. There was a clear trend that root growth slowed down from August to September and root growth ceased in late-September and October. The root growth differences in the autumn correlated with the initiation of root growth in the following spring, when root growth in well-rooted seedlings, i.e. August-planted ones, started earlier than root growth in late-autumn planted, unrooted seedlings. However, these differences in root growth in autumn and the following spring affected the field performance of Scots pine and Norway spruce seedlings only little. The root growth of conifers in natural soil conditions in areas having low winter temperatures usually ceases in September and October, but in some years root growth may continue into November and December in temperate forest zone (Lyr and Hoffmann 1967) . According to Lyr and Hoffmann (1967) , the minimum temperature for root growth of Norway spruce seedlings is 2-4 °C. However, root growth of newly planted seedlings ceases in higher temperatures. Similarly as Wray (1998) I observed that root growth slowed down at about the same time when the soil temperature dropped below +10 °C in September. In more southern areas with higher temperatures, a longer photoperiod and more amount of light in autumn, root growth may continue a few weeks longer as was the case in the study of Wallertz et al. (2016) . The previous observations that the growth of roots in conifer seedlings can continue in hydroponic cultures in October (Iivonen et al. 1999; Kaakinen et al 2004) or in favorable temperature conditions throughout the year (Mattson 1986 ) is not possible in newly planted seedlings under a natural declining photoperiod, light and temperature conditions combined with planting stress in late-autumn plantings.
The rapid rooting of newly planted seedlings is important to ensure the best chance of field performance (Grossnickle 2005 and reference therein) . In this study, the mortality of seedlings was exceptionally low. Thus, I did not receive any confirmation to the hypothesis that a poor rooting of autumn planted seedlings increased seedling damage or reduced the seedlings' ability to recover from them. In the autumn, the planting stress of newly planted seedlings is probably lower than on other planting dates, since there is normally a high soil water content and low atmospheric evaporative demand. According to Grossnickle (2005) , the existing root system is adequate to supply water to the shoot system under these conditions. Thus, under favorable weather conditions the risk of damage was low in this study. In practical scale plantings, however, the risk of failures are greater when the nursery-to-out planting process takes a much longer time than in this experiment and the seedlings are stressed at the time of planting. Valtanen et al. (1986) , Kinnunen (1989) and Luoranen and Rikala (2013) observed that survival varies a great between autumn-and springplantings. Similarly, as in those previous studies, no differences in the survival of container conifer seedlings between planting dates were observed.
Previously, Wallertz et al. (2016) observed that late-autumn planted and poorly rooted, Norway spruce seedlings did not recover from pine weevil feeding as well as the earlier planted, and better rooted seedlings. In the same study, there were some signs that the late autumn planted seedlings suffered more winter desiccation than earlier planted ones. In my study, well-watered and insecticide-treated seedlings were carefully planted to the depth of 6 cm in mineral-soil dominated mounds or in the sandy nursery field and the frost heaving and other winter damage, as well as pine weevil feeding were totally prevented. The results parallel with the observation of Luoranen and Rikala (2013) that container-grown Scots pine seedlings can be planted even up to November in Central Finland conditions without any effects on survival if the soil is still unfrozen and further weather conditions are favorable.
Frost heaving is thought to be a risk to unrooted seedlings. The weather conditions did not favor frost heaving in this study. Seedlings were also planted deeply (6 cm) in sandy soil. Deep planting has been shown to reduce the risk of frost heaving (Schwan 1994; Sahlén and Goulet 2002) . Frost heaving is also more probable in finer textured soils (Örlander et al. 1991; de Chantal et al. 2006) than was in this study. In autumn plantings, deep planting is good way to prevent frost heaving.
Differences in root growth in the previous autumn affected the initiation of the root growth in the following spring. To my knowledge, there are no previous studies, where the start of root growth of differently rooted seedlings has been investigated in the spring. August-planted and well-rooted seedlings started their root growth just after the soil warmed up by a few degrees in the following spring, before any visible sign of bud swelling. This agrees with the observations of Lyr and Hoffmann (1967) that root growth in Scots pine continues independently of shoot growth when the soil temperature is high enough in the spring. The soil temperatures at the time of the first root sampling in spring was about +5 °C. This is in contrast to the result of Vapaavuori et al. (1992) , who observed that root growth was almost prevented if the soil temperature was +8 °C and starts properly when the soil temperature rises above +12 °C.
In mid-May, there was still a trend that seedlings planted later had fewer roots than earlier planted seedlings, but no differences in the dry masses of roots were found at the end of the first growing season. This differs from the results of Wallertz et al. (2016) , who observed that differences in the dry mass of roots remain until the end of the first autumn.
The differences in the initiation of the root growth in the spring and the size of root systems probably explain why the shoot growth of seedlings planted after mid-September was slightly lower than it was in the August and early-September-planted ones. The trend in shoot growth in relation to the planting date was similar in both species. Poorer growth of late-planted seedlings has also been observed by Luoranen and Rikala (2013) in Scots pine seedlings, in machine-planted Norway spruce seedlings by Luoranen et al. (2011) and in Norway spruce seedlings by Wallertz et al. (2016) . Although differences in shoot height were small, it has been observed in previous studies that a few centimeters difference in height growth two years after planting may remain the same or even increase in later years (Luoranen et al. 2006; Johansson et al. 2013 ).
I did not observe any differences in flush either of tree species in the first spring after planting. This differs to some extent from the results of Luoranen and Rikala (2015) who observed that summer-planted (July, early August) seedlings flush earlier than autumn-and spring-planted Norway spruce seedlings. In this study, the first planting was in mid-August and the later plantings in September and October, and thus the probable differences among autumn planting dates were small in flush. Late flush of spring-planted seedlings is probably caused by freezer storage in which the seedlings were until the end part of April. Seedlings were moved to the outdoor growing area in the nursery near the forest edge, where seedlings were in a shadow during a part of a day. Planted seedlings were in an open field in direct sunlight. Thus, the accumulated temperature sum was probably lower for spring-planted seedlings than for autumn-planted ones.
In this experiment, I did not find big differences in survival or damage between tree species. Previously, Johansson et al. (2015) observed that Scots pine seedlings had more damage than Norway spruce seedlings. The shoot growth of Scots pine seedlings was better than that in Norway spruce, which corresponds to the results of Johansson et al. (2015) .
In conclusion, late-autumn plantings of Scots pine and Norway spruce container seedlings can be successful, at least without harsh weather conditions in winter and spring and when seedlings are planted carefully without any stressors before and after planting. Poorly rooted, late-autumn planted seedlings start their root growth later during the following spring, which reduces the shoot growth of seedlings in later years. Risks related to late plantings, especially in more harsh weather conditions, need more studies before recommendations to plant in very late autumn can be made.
